Introduction
The 2007-2008 subprime crisis has raised once more the interest on international market integration. In the era of global markets and global investing, this crisis has challenged investors' recently gained perceptions about equity investing. The crisis has driven down equity levels across the globe, and in nearly every country, sector and industry. As a result some investors have been questioning previously held beliefs about the risk of equity investing and the benefits of global diversification (Bartram and Bodnar, 2009) .
Events of global importance tend to have a significant impact on the world's stock markets. Financial markets crises can lead to dramatic changes in investment behavior and so it is important to study the dynamic interdependence of stock markets before and after any significant economic shock (Edwards, 2000) . Empirical studies show that the comovement patterns of national stock markets change significantly after major economic events like crises. Some authors have evidenced that comovement or cointegration among stock markets of other countries increases drastically during the crisis (Granger and Morgenstern, 1970; Arshanapalli et al., 1995; Malliaris and Urrutia, 1992; Hon, Strauss and Yong, 2006; Khalid and Rajaguru, 2007; Huyghebaert and Wang, 2010) .
The increasing interest and motivation on studying volatility can be explained by various reasons, but the most relevant of all include the international portfolio diversification issues and the recurrence of financial crises that occurred in both developed and emerging countries during the 1990's decade. (Arouri, Bellalah, & Nguyen, 2008) . Kyle (1985) has pointed out that much of the information is revealed in the volatility of stock prices, more than in the price itself. The volatility of equity and stock market prices is usually viewed as an indicator of vulnerability for the different segments of financial markets and over the last ten years, the volatility of Latin American financial markets has become a key determinant for explaining the risk-taking behaviors of investors, especially the substitution in their portfolios between different categories of securities (corporate and government bonds) (Dufrenot, Mignon & Péguin-Feissolle, 2010) .
A number of theoretical and empirical studies have employed a wide variety of methods and data frequencies to model the comovement of international stock markets and searched for the reasons behind this phenomenon. The focus has been mostly on the correlations and the stock return and volatility spillovers between stock markets around the world (Arouri, Bellabah and Nguyen, 2008) . Despite a large body of literature on international market interdependence, the existing empirical evidence remains ambiguous and has yielded conflicting results regarding the nature of the dynamic interdependence among developed and/or emerging markets (Awokuse, Chopra e Bessler, 2009) .
The aim of this paper is to investigate whether the US subprime financial turmoil has had any statistically significant effect on the conditional volatility of stock prices in Latin America for which the BEKK methodology is adopted, developed by Engle and Kroner (1995) . The t-student distribution is employed as it can provide a best fit for financial data. In order to do this study, we will investigate four Latin America emerging capital markets (Brazil, Argentina, Chile and Mexico) and the United States, considering the period of the recent financial crisis of 2007/2008, analyzing before, during and after the crisis period. These Latin American emerging markets rank among the most mature markets within the universe of emerging countries and they actually attract a particular attention from global investors thanks to their great market openness (Arouri et al., 2009) .
The remainder of the paper is organized as follows. Section 2 presents a brief literature review on stock market linkages and financial crisis; Section 3 presents the data and the econometric methodology; Section 4 discusses the empirical results; and Section 5 outlines the conclusions.
Stock market linkages and financial crisis
There is a widespread interest in understanding the extent to which the increasing interdependencies in trade and financial linkages among countries in recent years contributed to spillover effects from the United States to other countries (Angkinand, Barth and Kim, 2009) .
The issue of equity market comovement in Latin America has been investigated by several studies (Arouri et al., 2008) . Choudry (1997) employs unit root tests, cointegration tests and error correction models to examine the long-run relationship between six Latin American markets and the US market, and finds evidence of cointegration relationship and significant causality among these markets. Christofi and Pericli (1999) show evidence of significant cross-market linkages in five Latin American markets (Argentina, Brazil, Chile, Colombia and Mexico) from combining a vector autoregressive (VAR) model with a multivariate exponential GARCH process. They find a statistically significant linkage between eight equity markets of the Americas and the US stock market. Collins and Gavron (2005) conducted 44 events of contagion in 42 countries and found that the Brazilian and Argentinean crisis generated most of the contagion events. Their results suggest that incidences of contagion were not more frequent within the trade blocks compared to with countries outside them. The authors found that the most vulnerable countries to contagion were the smaller, less mature in other areas, suggesting that regional and trade links do not necessarily predispose a country to experiencing contagion from its neighbors. Arouri et al. (2008) analyze the time-variations of conditional correlations between Latin American emerging markets and between them and the World stock market. The cross market correlation was empirically estimated from a DCC-GARCH model. The data used are on a monthly basis, over the period of January 1985 to August 2005. The Latin American markets studied are Argentina, Brazil, Chile, Colombia, Mexico and Venezuela. Their findings indicate a clear upward trend in correlation from 1994 and onwards as a result of market liberalization and increased globalization. There are sudden increases in conditional correlation following the Asian and Brazilian financial crises in 1997-1998 and, to less extent, the stock market crash in 1987 and the Latin American markets crises in 1994 and 2001. They also confirm in their study that the inter-market comovements were significantly higher during the crisis period than during the tranquil period. Bellotti and Williams (2010) tried to identify significant cross-border volatility transmission or spillover effects across emerging markets during four time intervals that proxy for distinct changes in government policy and equity market structure; financial sector booms; financial crisis and recovery. The amount of spillover effects in Latin America appears not to have changed. The empirical evidence suggests equity market interdependencies increase during episodes of financial crisis especially in Asia. Beirne et al. (2010) examined volatility spillovers running from mature to emerging stock markets. They employed a tri-variate VAR-GARCH framework with the BEKK representation proposed by Engle and Kroner (1995) to model the means and variances of stock returns in local, regional, and mature markets, with the latter defined as a weighted average of the US, Japan, and Europe (Germany, France, Italy, and the UK). They concluded that spillovers from mature markets do influence the dynamics of conditional variances of returns in many local and regional emerging stock markets. Lahrech and Sylwester (2008) tried to find out whether there has been a structural change in the bivariate correlations between the US and Latin American equity returns during the period spanning from 1988 to 2004. Results show an increase in the degree of market integration between these countries and the United States. The beginning of rapid integration coincides with the beginning of liberalization for Argentina and Brazil. For Mexico and Chile they find that the period of rapid integration is within the period of increasing bilateral trade. Chile has the lowest correlations with the US. Diamandis (2009) provides an analysis on the issue of international financial linkages by examining the existence of common stochastic trends between four Latin America emerging capital markets (Argentina, Brazil, Chile and Mexico) and the US. The analysis was carried out by estimating the autoregressive and moving average representation of a cointegration system. This study achieved four main results: 1) the four Latin America emerging stock markets and the mature US market are partially integrated; 2) the five stock markets have four significant common permanent components which drive their system in the long run; 3) the Latin America markets are more influenced by, and contribute more, to the common trends than the US market; and 4) there were significant short-run deviations from the common stochastic trends during the 1994-1996 Mexican crisis and the 2001 financial crisis which were documented for all markets under investigation. These transitory deviations are short-lived.
Didier, Love and Pería (2010) investigated the factors that determine stock markets' vulnerability to the 2007-2008 crises across 83 countries. They evaluated the extent to which the comovement in stock market returns was driven by real linkages between economies, financial linkages across markets, or was the consequence of a "wake-up call" or "demonstration effect" where investors became aware that certain vulnerabilities present in the US context could put other economies at risk. They used stock market data between July 2007 and April 2009 and followed a one-step approach in which each markets' correlation vis-à-vis the US market is interacted with country-level characteristics representing the channels of transmission. The authors found that the main channel of transmission was financial, they also found evidence of a wake-up in the first stage of the crisis. Furthermore, markets with high ratios of equity holdings by US investors exhibited greater comovement. Their results also highlight the dark side of financial integration and liquidity since countries that are more integrated and have more liquid markets experienced greater comovement with the US.
Yiu, Ho and Jin (2010) investigated the spillover of financial crisis by studying the dynamics of correlation between eleven Asian and six Latin American stock markets vis-à-vis the US stock market. They used weekly returns of the two regional stock markets and that of the US stock market from February 1993 to March 2009 by adopting a two-step approach. First they used principal component analysis to extract the major driving force behind the eleven Asian equity markets (also the six Latins American equity markets) and then estimate the dynamic conditional correlation between this driving force and the US equity market. The volatility correlation between the US financial market and Asian financial markets as well as the volatility correlation between the US financial market and the Latin American financial markets are positive and jump up substantially during the recent financial crisis originating from the US. This, therefore, shows evidence of financial contagion in the international dimension during the crisis period.
Naoui, Liouane and Brahim (2010) examined contagion phenomenon as induced by the subprime crisis that started in 2007 in the American risk-based mortgage market and which spread worldwide. Daily returns of stock price indices from January 2, 2006 through February 26, 2010, were used for six developed market and ten emerging markets (US, France, Germany, Netherlands, UK, Italy, India, Hong Kong, Malaysia, Korea, China, Singapore, Brazil, Mexico, Argentina and Tunisia). First they examined the simple correlation between the American market and other European and emerging markets before and after the crisis. Then they refine their analysis through estimating the dynamic conditional correlation model developed by Engle. It is almost clear that by the end of the crisis correlations considerably increased to exceed 80% for all developed countries. The results allowed them to classify these countries into three groups. The first includes three countries with high conditional correlation with the American market during the crisis, namely Brazil, Mexico and Argentina. Dufrenot, Mignon and Péguin-Feissolle (2010) concentrate on the financial linkage and examine empirically the link between the US subprime crisis and the volatility of the Latin American countries (LAC) equity and stock markets. Their sample consisted of five countries that are classified as those with the most matured financial markets in Latin America and also the most integrated with the world financial markets: Brazil, Chile, Colombia, Mexico, and Peru. They used a time-varying transition probability Markovswitching model (TVPMS). Considering daily data from 2004 to mid 2009, they found that financial stress was transmitted from the US market to the LAC's equity market volatility. Their estimations show that a broad range of stress indicators in the US financial market can cause abrupt changes in the volatility of the LAC equity and stock markets. Mexico is the most vulnerable to the US financial stress, since this country has the closer links with the US financial markets. A similar conclusion holds for Chile, although not all the transition variables were statistically significant. The other countries seem to be much more sensible to the activity in the regional financial markets (Colombia, Peru and Brazil). Barba and Ceretta (2010) investigated the potential time-varying behavior of long-run stock market relationships among Latin American countries and the United States employing the Engle-Granger methodology. They investigated four Latin American emerging capital markets (Brazil, Argentina, Chile and Mexico) and the United States, considering the period of the recent financial crisis of 2007/2008, testing for co-integration before, during and after the crisis period. Their results show that Latin American equity markets seem to respond differently to shocks in the US stock markets in the long-run. The relationships between two Latin American countries -Argentina and Brazil -and the United States have changed over time, becoming more integrated. Chile's and Mexico's relationships with the US did not suffer a significant change during or after the crisis period. Their findings show that Latin America does not respond homogenously to US shocks. This information provides evidence that, for international diversification, each country should be analyzed individually. Analyzing Latin America as a group could lead to mistaken conclusions about international diversification opportunities.
Data and econometric methodology
In this section we present the data used and describe the methodology employed in this paper.
Data description
The data used in this study consist of the daily closing index price of four Latin (from October 28, 2008 to August 31, 2010 . The dating of the crisis period is based on the dates suggested by Baba and Packer (2009) . The series had some missing observations at different points of time as the holidays may differ among countries. It was used the value of the previous day to fill in the gaps. In Table 2 we present the foreign direct investment from 2005 to 2008 in the countries analyzed. Foreign direct investment are the net inflows of investment to acquire a lasting management interest (10 percent or more of voting stock) in an enterprise operating in an economy other than that of the investor. It is the sum of equity capital, reinvestment of earnings, other long-term capital, and short-term capital as shown in the balance of payments. This series shows net inflows (new investment inflows less disinvestment) in the reporting economy from foreign investors (World Bank). Once more, Brazil had the largest growth in the period, of more than 200%. This growth shows an increasing level of confidence on the Brazilian economy. The summary statistics of the log difference of the price is given in Table 3 . Before the crisis, Argentina reached the lowest return and the largest range as well as the highest standard deviation. Mexico reached the highest return and also had the highest mean. The US had the smallest range. All series presented negative skewness. During the crisis, both the range and standard deviation of returns of all countries were larger than before this period. The mean was negative to all countries, suggesting that the environment during the period of crisis brought down the returns associated to a higher risk. After the crisis the maximum reached values higher than before it. The standard deviation is lower than during the crisis period, but still higher than before the crisis. The means are all positive. Brazil has the largest range during and after the crisis.
Multivariate GARCH
In order to analyze the volatility spillover effect we use a multivariate GARCH model. Specifically we use the BEKK model proposed by Engle and Kroner (1995) . According to Wang (2009) , the BEKK model can be written as
Where A is a symmetric ሺܰ ൈ ܰሻ parameter matrix, and A ୧ and B ୨ are unrestricted ሺܰ ൈ ܰሻ parameter matrix. This specification allows the conditional variances and covariances of the time series to influence each other, and at the same time, does not require to estimate a large number of parameters. (Wang, 2009 ) Based on the symmetric parameterization of the model, H ୲ is almost surely positive definite provided that A A ′ is positive definite (Tsay, 2010) . Wang (2009) writes the variances and covariances explicitly as: 
The diagonal elements of the matrix, ݄ ଵଵ and ݄ ଶଶ , evaluate the impact of the shock in one series on the volatility of the other. This impact could be asymmetric or only be one way effective (Wang, 2009 ). The parameters ߙ ଵଵ,ଵ and ߙ ଶଶ,ଵ represent the effect of the shock on the future uncertainty of the same time series and ߙ ଶଵ,ଵ and ߙ ଵଶ,ଵ represent the cross effect. If ߙ ଵଵ,ଵ and ߙ ଶଵ,ଵ have different signs, then the shocks with different signs in the two time series tend to increase the future uncertainty in the first time series. In the same way, if ߙ ଵଶ,ଵ and ߙ ଶଶ,ଵ have different signs, the future uncertainty of the second time series might increase if the two shocks have different signs (Wang, 2009) .
Empirical results
In order to analyze the volatility spillover effect of the 2007/2008 crisis in the Latin American stock markets we first calculated the daily returns of the stock indices by the first difference of the natural logarithm. We then filtered the serial dependence of the series with an Autoregressive Vector. The BEKK model was then estimated using a t-student distribution for Argentina/US, Brazil/US, Chile/US and Mexico/US for the periods before, during and after the 2007/2008 crisis. Table 4 presents the estimated coefficients for the BEKK model considering a tstudent distribution before the 2007/2008 crisis. The coefficients A(1,1) and A(2,2) are significant for all indices meaning that all indices are affected by their own index news shocks. Also the coefficients B(1,1) and B(2,2) presented a significance level of 1% for all indexes which means that all indices are affected by their own conditional volatility. The off diagonal parameters A(1,2), A(2,1) were only significant to Mexico, and the parameters B(1,2) and B(2,1) were not significant before the crisis for any of the countries. In other words, there is no evidence of volatility spillover effect between any of these Latin American countries and the US before the crisis. Analyzing Mexico specifically, the coefficients A(1,1) and A(2,1) have different signs, the same happens to the coefficients A(1,2) and A(2,2). According to Wang (2009) that means that the shocks tend to increase the future uncertainty in the Mexican and North American markets.
In Table 5 we report the estimated coefficients for the BEKK model considering a tstudent distribution during the 2007/2008 crisis. Similarly to the period before the crisis, Brazil, Chile and Mexico are affected by their own shocks during the crisis. There is evidence of shocks from Argentina affecting the US and vice-versa. Chile is also affected by shocks from the US. Argentina, Brazil and Chile are affected by their own conditional volatility. The volatility spillover effect starts to appear during the crisis period. Argentina, Chile and Mexico are affected by the conditional volatility of the US and Brazil and Chile's conditional volatility affect the US's. The Ljung-Box Q statistic for the squared residual of the US, in the model considering its relationship with Chile, was significant, which could mean that the financial crisis might have changed the structure of the relationship between these countries and the BEKK model could not fully capture this change of behavior. The coefficients estimated for the BEKK model considering a t-student distribution after the 2007/2008 crisis are presented in Table 6 . In this period, only Brazil and Mexico respond to their own shocks and conditional volatility. These two countries are also the only ones that affect and are affected by US shocks. On the other hand, all countries respond and influence the conditional volatility of the US. Brazil has significant A(1,1) and A(2,1) coefficients with different signs meaning that the shocks tend to increase the future uncertainty in the Brazilian market. The Ljung-Box Q statistic for the squared residual of Argentina and Chile were significant. Once again, this could mean that the financial crisis might have changed the structure of these countries and the BEKK model could not fully capture this change.
Conclusions
In this paper we attempted to investigate the volatility spillover effects of the US stock market on Latin American markets before, during and after the 2007/2008 crisis period. For such we employed a BEKK model considering a t-student distribution for each period of time.
Our results show that before the crisis there is no evidence of volatility spillovers from the North American stock market to Latin American ones. During the crisis, there is evidence of volatility spillover effects on some countries. Brazil and Chile affect the US volatility and Argentina, Chile and Mexico are affected by the US's. After the crisis, the volatility of all Latin American stock markets affect and are affected by the US market.
These results show an increase in spillover effects from a shock to US stock market to Latin American countries after the 2007/2008 financial crisis. This finding is supported by the literature which confirms that financial crisis increase market integration. We also find that, differently to the results obtained by Barba and Ceretta (2010) , the relationship between Latin American markets and the US seem to change over time quite homogeneously as before the crisis none of the Latin American markets presented volatility spillover effects and after the crisis, all of them presented this effect. This confirms what Angkinand, Barth and Kim (2009) concluded in their study on the effects of the subprime crisis on developed countries.
Our findings suggest that the degree of integration among countries tend to change over time, especially around periods marked by financial crisis. This increase in the spillover effect between the US and Latin American stock markets after the 2007/2008 crisis could mean that equity market disturbances in US are rapidly transmitted to these countries. For policy makers, these results suggest that Latin American countries could be more susceptible to risk transmission from the US after a financial crisis in the latter.
